Background: Medications may be consumed periconceptionally before a woman knows she is pregnant. In this study, the authors evaluate the association of a prescription diet drug (Letigen) containing ephedrine (20 mg) and caffeine (200 mg) with spontaneous abortion (SAB) in the Danish National Birth Cohort.
Introduction
Early gestation is a critical time in fetal development when women may be unaware they are pregnant and therefore may use medications, such as diet drugs, that they would not use knowing they were pregnant. Recently, the obesity epidemic in the United States has led the Food and Drug Administration (FDA) to weigh the potential benefits of approving new weight loss drugs against the potential risks, including the risk that reproductive age women may use the drugs before becoming aware of pregnancy. In 2012, the scientific advisory committee to the FDA reversed their 2010 position for one such drug despite concerns that the drug might be associated with an increased risk of oral clefts [1] . In other countries, including Denmark, the prevalence of obesity has also been rising [2] , and consequently, reproductive age women may increasingly turn to prescription or over-the-counter weight loss products where available. Letigen (NYCOMED, Denmark) was a prescription diet drug that contained ephedrine and caffeine and was available in Denmark prior to 2002 .
There has been little research on the effects of ephedrine on pregnancy, but concern over the potential effect of caffeine on spontaneous abortion (SAB) has resulted in a large but inconclusive literature . After considering this literature, the American College of Obstetricians and Gynecologists published a committee opinion in 2010 stating the current evidence did not suggest that consuming less than 200 mg per day of caffeine during pregnancy increased the risk of SAB, but that the evidence for higher doses of caffeine was still unclear [27] . Similarly, the United Kingdom's Food Standards Agency recommended that pregnant women limit their caffeine consumption to less than 200 mg per day due to concerns about fetal growth restriction and possibly SAB [28] . A number of methodological issues that are difficult to resolve plague studies of caffeine consumption during pregnancy and SAB making it difficult to draw conclusions about the effect of exposure to high doses of caffeine [29] [30] [31] [32] [33] . Although some of these methodological issues do not apply to pre-pregnancy exposure to caffeine, high exposure to pre-pregnancy caffeine has also been inconsistently associated with SAB with modestly elevated effect estimates in some studies [9, 12, 18, 19] but not others [10, 20, 22] . Most studies of caffeine focused exclusively on caffeine from beverages, including coffee, tea, and cola, that contain other potentially fetotoxic components.
Letigen was a non-beverage source of high doses of caffeine (200-600 mg/day) that some Danish women used pre-conceptionally and inadvertently early in pregnancy. It was banned in Denmark in 2002 and similar products were banned in the United States in 2004 due to reports of adverse cardiovascular events [34, 35] . We examine whether periconceptional Letigen use is associated with SAB in the Danish National Birth Cohort. Periconceptional Letigen use provides an alternative source of information on exposure to caffeine and SAB with different strengths and weaknesses from studies which focus on caffeine exposure from coffee. Some strengths include that the dose of caffeine is likely more consistent for women using Letigen (600 mg/day if used as directed) compared with women who are exposed to caffeine through coffee, which can be affected by the type of coffee, how the coffee is prepared, as well as changes in personal habits [36] . In addition, nausea is unlikely to lead to mismeasurement of Letigen exposure, but it could affect measurement of caffeine exposure from coffee [10, 30, 32, 33] . Further, exposure to caffeine from Letigen is not confounded by other potentially fetotoxic components of coffee although it could be confounded by ephedrine if ephedrine affects SAB.
Materials and Methods
The Danish National Birth Cohort has been described in detail elsewhere [37] . Briefly, between March 1, 1996 and November 1, 2002, pregnant women across Denmark were provided information about the study during their first prenatal visit. According to a pilot study, approximately 50% of all pregnant women received an invitation to participate, and about 60% of those signed the consent form [37] . The exclusion criteria were not having access to a telephone, not speaking Danish, and not intending to carry the pregnancy to term as of the first prenatal visit. A total of 101,051 pregnancies were enrolled.
The Danish National Birth Cohort was approved by the Danish Scientific Ethics Committee, and this specific study was approved Figure 1 . Study timeline. Timelines based on gestational age showing the risk period for the outcome, the exposure period of interest, the timing of enrollment, and the exposure period covered by the enrollment forms used in a Danish National Birth Cohort study of spontaneous abortion and exposure to a diet drug composed of caffeine and ephedrine, 1996-2002. doi:10.1371/journal.pone.0050372.g001 Table 1 . Summary of counts, fetus-time at risk, and rates per 10,000 for variables stratified on spontaneous abortion (SAB) vs. other pregnancy outcomes for the Danish National Birth Cohort (1996) (1997) (1998) (1999) (2000) (2001) (2002) by the Danish Data Protection Board. All women participating in the cohort provided written informed consent.
Pregnancy Outcome
Pregnancy outcome was assessed from Danish national registries, which can be linked using the unique identifier, the Civil Registration Number. The Medical Birth Registry and the Civil Registration System were used to obtain data on live and still births. Other pregnancy outcomes were identified in the National Hospital Discharge Register, and emigration prior to the end of pregnancy was determined from the Civil Registration System. Less than one percent of the study pregnancies could not be linked to registry data; in these cases, outcome information from the interviews was used instead [4] . We excluded 34 pregnancies with unknown outcomes and 142 ectopic and molar pregnancies.
We defined SAB as an involuntary intrauterine loss between gestational days 35-146, inclusive (i.e. 5-20 completed weeks) ( Figure 1 ). Primarily, we based gestational age on the National Hospital Discharge Register, which contained an estimate of gestational age that was usually based on a sonogram. However, for 391 pregnancies, we used the last menstrual period (LMP) date reported on the enrollment form because it seemed reasonable and the date from the National Hospital Discharge Register was missing or seemed incorrect. We excluded 124 pregnancies with missing or erroneous gestational ages, 586 pregnancies enrolled after the outcome, 172 pregnancies allegedly enrolled prior to 28 days post-LMP, and 2,090 pregnancies enrolled after 146 days gestation (i.e. no observed time at risk for SAB), yielding a total of 97,903 pregnancies. Eligible multiple births (n = 2,045) were treated as a single event; we treated the one eligible pregnancy with discrepant outcomes as a SAB.
Exposure Assessment
The exposure of interest was periconceptional use of Letigen. Each pill contained 20 mg of ephedrine and 200 mg of caffeine; the recommended dose was three pills per day [38] . Thus, women using Letigen as directed ingested caffeine approximately equivalent to drinking five to six cups of coffee a day [39] , as well as ephedrine, and possibly caffeine from other sources. Letigen use was reported on the enrollment form prior to the pregnancy outcome. A pregnancy was defined as exposed if any Letigen use was reported on the enrollment form during the four weeks prior to the woman's LMP through 13 completed weeks post-LMP (n = 565). Twenty-two pregnancies were classified as unexposed { Pre-conception includes the 4 weeks prior to last menstrual period through gestational age 2 completed weeks, early pregnancy includes gestational age 3-13 completed weeks, missing time includes Letigen use during an undefined time. despite reported Letigen use because the use predated the periconceptional period. Four women did not report when they used Letigen; we assumed they were exposed. We also defined preconception Letigen use as occurring four weeks prior to LMP through two completed gestational weeks, and early pregnancy use as occurring from three to 13 completed gestational weeks ( Figure 1 ). Classification of exposure status was complicated by the fact that there were two versions of the enrollment form. On the original form, used for 65% of the pregnancies, medication type and timing of use were reported in text fields for the three months prior to filling out the form (Figure 1 ). On the revised form, the participant listed medications consumed and marked boxes to indicate weeks when the medication was used. The boxes covered the four weeks prior to the participant's LMP through enrollment or 13 completed weeks post-LMP, whichever came first (Figure 1) .
Four factors affected Letigen exposure assignment. First, women enrolled at different times in their pregnancies and therefore reported Letigen use through different gestational ages (Figure 1 ). We assumed that no one took Letigen after they knew they were pregnant. Given that all women knew they were pregnant at enrollment, this translated into assuming that no one took Letigen after enrollment. This assumption seems reasonable because almost all women specifically stated that they stopped taking Letigen when they became aware of their pregnancy or clearly reported cessation of use prior to enrollment. This is also consistent with a recent United States study of birth defects and retrospectively-reported weight loss products (including over-thecounter products) that reported exposure dropping from over 1% prior to pregnancy to 0.2% by the third month of pregnancy [40] . For each version of the enrollment form, the mean gestational age at entry was ten (standard deviation (SD) three) weeks. However, the two forms referred to different timeframes ( Figure 1 ). The exposure period of interest was covered by the checkbox enrollment form and the text-based form for women enrolling by eight weeks. However, women who used the text-based form and enrolled after eight completed weeks were asked only about part of this timeframe. In practice, Letigen users who completed the textbased form and enrolled late tended to report medication usage covering the entire timeframe of interest (i.e. usage more than three months prior to enrollment). However, women who used the text-based enrollment form and did not report Letigen use might be mistakenly classified as unexposed if they used Letigen preconceptionally and enrolled late. We examined this issue analytically by performing sub-analyses where we excluded late enrollers or stratified on the version of the form used.
The third issue was that the timing of Letigen use was often reported vaguely on the text-based form. We reviewed each text field individually and developed rules regarding the timing of exposure for commonly used phrases (e.g., six days in early September was assumed to be the middle six days in the first ten days of the month). Because we assessed broad exposure windows, most women were clearly exposed or unexposed periconceptionally, despite nonspecific responses.
The final challenge was that women reported Letigen use relative to self-reported LMP, which was not always consistent with the estimated LMP based on the National Hospital Discharge Register. For 87% of the women, the dates were within a week of each other (30% were identical) so reports pertained to the relevant timeframe despite minor date discrepancies. Of the 1,452 pregnancies where LMP dates differed by more than four completed weeks and the National Hospital Discharge Register date was determined to be the best estimate, 11 women reported using Letigen. Their exposure status did not change regardless of the gestational age definition used. Some of the 1,441 women who were classified as unexposed might have been exposed if they had reported on the relevant timeframe only, but the number is likely to be small. We addressed this uncertainty through a sensitivity analysis excluding pregnancies for which gestational age was based on the National Hospital Discharge Register and for which the self-reported and Register-based LMPs differed by more than four completed weeks.
Other Variables
Maternal age at LMP was calculated using birth date from the Civil Registration System. Information on all other covariates was collected through telephone interviews. Of the 97,903 pregnancies in this study, 7,094 were never interviewed. Of the women Table 3 . Summary statistics for the number of weeks that Letigen* was used at least once among women in the Danish National Birth Cohort (1996) (1997) (1998) (1999) (2000) (2001) (2002) contacted for the first pregnancy interview, 3,144 were no longer pregnant and therefore were not interviewed at that time. The mean gestational age at interview for women who were still pregnant was 16 completed weeks (range 5-37 weeks). Approximately 80% of the women who were no longer pregnant agreed to participate in an alternative interview, which for our purposes, was comparable to the pregnancy interview.
Statistical Analyses
We fit Cox regression models accounting for left truncation to estimate the effect of Letigen on SAB. We used gestational age in days with entry into observation defined as enrollment in the study. We employed the robust Lin and Wei confidence interval option in SAS 9.2 (Cary, North Carolina) to account for the fact that some women (n = 8,099) contributed more than one pregnancy to the study. Pregnancies that ended in an induced abortion (n = 425) and where the mother died (n = 3) or emigrated (n = 48) prior to 20 completed weeks gestation were censored.
We considered the following potential confounders: maternal age, pre-pregnancy body mass index (BMI), exercise, smoking, alcohol consumption, and consumption of caffeine from beverages. Although these factors could conceivably be confounders or proxies for confounders, none substantially changed the effectmeasure estimates for Letigen separately or as a group (,3% change in estimate). Given that a higher proportion of women with SABs did not have interviews compared with women with other pregnancy outcomes (29% vs. 6%) and the fact that none of the other covariates appeared to confound the effect-measure estimate considerably, we opted to report the results for the model adjusted for maternal age only. This allowed us to include all eligible pregnancies. Table 1 provides counts and observed fetus-time at risk for the study population by outcome. As expected, older women were more likely to have a pregnancy loss, and as previously published, SAB was associated with higher coffee consumption during pregnancy [4] . Letigen use was strongly associated with higher prepregnancy BMI ( Table 2 ). In addition, Letigen users tended to drink more cola than non-users, but the two groups were similar on all other factors including reported coffee consumption and tea consumption. Among Letigen users, the average number of gestational weeks with any Letigen use was 6 (SD 3) during the exposure period interest (Table 3) . Most Letigen use was reported during the pre-conception period rather than early pregnancy.
Results
The maternal age-adjusted hazard ratio (HR) for any Letigen use compared to no use was 1.1 (0.8-1.6). Table 4 shows unadjusted and age-adjusted HRs from models examining Letigen use during different timeframes. Only women who used Letigen during early pregnancy exclusively had an elevated hazard (adjusted HR 2.7; 1.6-6.6), but there were only five SABs exposed to Letigen during this timeframe.
We conducted additional analyses to examine the sensitivity of our results to possible misclassification of Letigen use. First, we excluded women who used the text-based form and enrolled after eight weeks gestation; the age-adjusted HR did not change substantially from that of the complete study population (1.2; 0.8-1.7). Excluding all women who enrolled after eight weeks gestation, regardless of which enrollment form was used, also did not change the estimate (1.1; 0.8-1.6). Limiting to pregnancies dated by self-reported LMP (i.e. LMP from the enrollment form where medication use was reported) or where the Register estimated LMP differed from the self-reported LMP by fewer than five weeks yielded an age-adjusted HR of 1.2 (0.9-1.7) . Finally, restricting our analysis to nulligravida women yielded in an age-adjusted HR of 1.1 (0.5-2.4).
Discussion
Periconceptional Letigen use is not appreciably associated with SAB in this study. Although pre-pregnancy Letigen use showed little or no association with SAB, early pregnancy use was associated with an elevated HR. However, the elevated HR was based on only five exposed SABs. If Letigen were causally related to SAB when taken in early pregnancy, it would be expected to be harmful for any exposed pregnancy, whether or not the woman also took it prior to conception. However, women exposed during both periods showed no elevated risk. Further, the effect measure estimate for Letigen use during early pregnancy only may be confounded. Although adjusting for measured potential confounders did not change the estimate meaningfully, it is possible that women who began using Letigen after conception may have been more likely to participate in unmeasured behaviors that increase the hazard of SAB.
Some assumptions were made to determine exposure status during the timeframe of interest; to the degree that we could test these assumptions, the overall effect-measure estimates appeared robust. We accounted for left truncation analytically. However, this approach assumes that the pregnancies under observation at a given gestational age are representative of all pregnancies at that gestational age. Bias could be introduced if this was not the case, especially if entry was associated with the exposure [41] . Further, gestational age may be less accurate for SABs because live births are more likely to have a sonogram. However, previous work suggests bias due to differential accuracy in gestational age by outcome is likely to be small given realistic assumptions about the magnitude of these differences [42] .
Letigen was composed of ephedrine and caffeine. To our knowledge, no prior studies looked at weight loss products in relation to SAB. A National Birth Defects Prevention Study reported that periconceptional use of weight loss products containing ephedra (a botanical source of the alkaloid ephedrine) was associated with increased risk for some birth defects although the effect-measure estimates were imprecise [40] . While the relation between diet drugs and SAB has not been studied, an extensive literature addresses caffeine and SAB . Opinions published in both the United States and the United Kingdom could not reach consensus regarding the relation between consumption of high doses of caffeine during pregnancy and SAB, but both recommended women limit their consumption to less than 200 mg per day [27, 28] .
High coffee consumption (greater than 4 cups per day) during pregnancy is associated with late SAB in the Danish National Birth Cohort [4] , which contrasts with the results for periconceptional Letigen consumption. The results may differ for several reasons. First, the study of coffee and SAB only included late losses because pregnancies interviewed after the outcome were excluded to avoid recall bias. In contrast, earlier losses were included for periconceptional Letigen use, which was reported at enrollment, precluding recall bias. Second, although both coffee and Letigen contain caffeine, coffee also contains other substances that may affect SAB. Additionally, caffeine levels from coffee were likely based on coffee consumption at the time of the interview, which probably represented average daily exposure after becoming aware of pregnancy. In contrast, while the dose of caffeine may be consistent for women taking Letigen (ranging from 200 to 600 mg of caffeine depending on the number of pills consumed), the timing of use during early pregnancy may have been brief or sporadic. Letigen use was reported for an average of less than three weeks during the exposure period of interest. It is possible that regular exposure to high doses of caffeine affects SAB but sporadic exposure to high doses does not.
One concern in studies of caffeine consumption during pregnancy is that pregnancy induced nausea can lead to food and beverage aversions, while lack of nausea is strongly associated with an increased risk of SAB. As a result, observed associations between caffeine and SAB could be spurious [10, 30, 32, 33 ]. An advantage of assessing pre-pregnancy caffeine consumption is that the exposure predates the onset of nausea so any observed association is not a result of nausea's effect on caffeine consumption. However, pre-conception caffeine exposure cannot be generalized to caffeine exposure during pregnancy because effects may differ during different developmental periods. In addition, pre-conception caffeine exposure may have an effect on early pregnancy loss (,5 completed weeks), but not on clinically recognized SAB.
Women tended to cease using Letigen once they became aware of their pregnancy. Therefore, there was limited early pregnancy exposure in this study, but Letigen users were exposed to caffeine for longer periods prior to conception. Researchers examining prepregnancy (beverage) caffeine consumption and SAB [9, 10, 12, 14, [18] [19] [20] 22] reported inconsistent results even for high levels of caffeine. However, the effect-measure estimates for high caffeine intake prior to pregnancy are smaller than estimates for high caffeine intake during pregnancy in studies that looked at both periods. We also found a stronger association between SAB and Letigen use during early pregnancy compared to preconceptional use although relatively few women consumed Letigen in early pregnancy exclusively. The association between SAB and Letigen use during both periods was essentially null.
We did not have adequate data to evaluate whether caffeine from other medications might confound the association between Letigen and SAB. Some painkillers and migraine medications that contained caffeine were available during the study period. These types of drugs were likely used sporadically and had much lower caffeine content (50-100 mg/pill) than Letigen (200 mg/pill). Therefore, it seems likely that few study participants were regularly exposed to high doses of caffeine from other medications.
We evaluated whether caffeine from beverages could confound this study. Although women were asked about coffee, tea, and cola consumption, the questions were not anchored to a specific time period. We considered whether reported caffeine intake from beverages could approximate periconceptional caffeine consumption as well as whether caffeine from beverages might be an intermediate between Letigen and SAB. If the latter were true, adjustment for beverage caffeine would be inappropriate. Only cola consumption appeared to be associated with Letigen use in our data. High prior cola consumption could contribute to obesity, which could lead to Letigen use, or alternatively, obesity could lead to both Letigen use and diet cola consumption. In both of these scenarios cola could be a confounder if caffeine from cola caused SAB. Adjustment for cola consumption did not change the results appreciably (1.0; 0.7-1.5) although residual confounding due to imprecise measurement of cola consumption is possible.
In the Danish National Birth Cohort, periconceptional use of a diet pill containing ephedrine and caffeine does not appear to be appreciably associated with clinically recognized SAB.
